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Introduction
As part of a program to extend knowledge of the chemical and structural properties of compounds of actinide elements, we undertook a study of, the structure of bis-n-(1 ,3,5,7-tetraphenylcyclooctatetraene) uranium when it was synthesized by Streitwieser and Walker. 2 The immediate objective was a description of the molecular geometry and in particular the positions and orientations of the phenyl rings.
In view of the discovery of two different rotomeric configurations in crystals of the analogous methyl-substituted compound, 3 there was some doubt what to expect. The x-ray diffraction data soon showed the existence of an unexpected and novel disorder problem concerning the molecular packing which made the analysis of the structure more involved than is ordinarily the case.
Experimental
Bis-n-(1,3,5,7-tetraphenylcyclooctatetraene)uranium, U(C 8 H 4 (c 6 H 5 ) 4 ) 2 was prepared by the reaction of UC1 4 with the dianion of 1 ,3,5,7-tetraphenylcyclooctatetraene. 2 The polycrystalline product, in a dry box, was loaded into a Pyrex tube fitted with a stopcock. The tube was pumped to about 10-6 torr; then one end was plunged into a hot salt bath. Clusters of small dark brown single crystals condensed 1 or 2 em above the bath.· Various conditions were tried, and the best crystals were obtained with the bath at 400°C. No solvent has been found good enough to permit crys ta 1 growth from solution. -2- When the x-ray work was·started it was believed that the compound decomposed significantly in a few days on exposure to air. The crystals were very thin needles, and we anticipated correctly that the diffraction intensities would be weak. In order to avoid the higher background associated with capillaries we glued crystals with epoxy to Pyrex glass fibers for: x-ray diffraction work. As it turned out, the crystals were stable indefinitely.
The diffraction patterns consist of sharp reflections and diffuse streaks. We describe them by reference to a primitive orthorhombic lattice which corresponds to the sharp reflections. of weights in least squares calculations, the variance of F was taken as a 2 (F 2 ) = s 2 (F 2 ) + (pF 2 ) 2 + q 2 , where p and q were chosen by trial and error to give a flat distribution of <w(6F) 2 > as a function of magnitude of F. Zero weight was assigned when F<a(F).
The same crystal was used to take a data set on the streaks. The same 6 -26 scan technique was employed as for the sharp features .
Measurements were made at both integral and half-integral values of ~' with~ half-integral and~ odd. These reflections were measured in the hemisphere ± h, ± k, -~up to 26 of 25°. Of the 1196 reflections measured, 599 were unique according to monoclinic symmetry, and for -4-508 F 2 >a(F 2 ). There was no decay for the 3 standards within the experimental accuracy of the experiment.
Crystal Data
For the ideal ordered structure described below, the symmetry is All such reflections were either weak or absent, but for 17 of them (out of 239) the structure factor was measured to be greater than its standard deviation. We ignored these reflections and chose Peen as the space group for refinement of the disordered structure.
This model includes 16 independent carbon atoms in the asymmetric unit, along with one fractional uranium atom. After four cycles of least squares refinement of these seventeen atoms with isotropic thermal parameters and using p = 0.05 and q = 0, R = Ilt~FI/IIF 0 1 = 0.13 for 800 reflections with F 2 >a(F 2 ). Four more cylces, using anisotropic thermal parameters for the uranium atom but isotropic temperature factors for the carbon atoms, reduced R to 0.107 and R 2 = (Iw(6F) 2 ;rwF 0 2 ) 1 1 2 , the quantity minimized, to 0.068. Using anisotropic thermal parameter also for the carbon atoms gave several carbon atom thermal tensors that were not positive definite. Therefore, the data do not warrant making the carbon atoms anisotropic. Further refinements were made with q = 8. Table I .
The data from the streaks were used to calculate a Patterson function, without including the shaip reflections. This was done .. We made no attempts to refine the structure in the monoclinic symmetry.
Discussion
The method of refinement makes no distinction between the site occupied by uranium and the similar site between two molecules. The plane-to-plane distance between COT rings, averaged for these two sites, The ring-to-ring distance is 3.847{10)A in the unsubstituted uranocene molecule 8 and 3.836(9)A in the octamethyl derivative. Such shifts are small in comparison to the root mean square amplitudes of thermal motion estimated ·for carbon atoms, which average about 0 0.21 A, and therefore are quite consistent with our diffraction data.
Because of this disorder, the U-C distances listed in Table II are subject to a systematic error. If the ring-to-ring distance in the 0 molecule is 3.84 A, each U-C distance in Table II should The C-C bond lengths (Table II) We are unsure whether this angle alternation is simply a steric effect (the sign is right to allow the bulky substituent groups to be more distant from the center
-11-of the molecule) or whether there is a deeper electronic explanation.
As shown in Figure 1 , the molecules stack in columns. These columns, viewed end-on in Figure 5 , pack in a triangular fashion. The intermolecular contacts involve the phenyl rings approaching each other in the nearly perpendicular fashion which is so widespread in crystal packing of aromatic compounds. The same kind of phenyl-phenyl proximity occurs within the molecule (Fig. 3) . The 6° rotation froin the eclipsed configuration is attributed to an effect of this packing; the rotation relieves the crowding of phenyl groups in molecules adjacent in the orthorhombic b direction (Fig. 5 ) without having much effect on other intermolecular contacts. We expect that isolated molecules in the gas phase would have ideal 8 symmetry.
In contrast to other known uranocene-type compounds, which are sensitive to the atmosphere, the octaphenyl compound in crystalline form is remarkably stable. There was no significant decrease in the diffraction intensities for the crystal when it was reexamined three months after the original measurements, and during all this time it was exposed to the air. The dense packing of the phenyl rings around the molecule and thi efficient manner in which molecules are packed together may both contribute to this lack of reactivity.
We thank Mrs. Helena Ruben for obtaining the photographi~ diffraction patterns and Professor Andrew Streitwieser for making the compound available to us and for his interest in the work.
Supplementary Material Available: A listing of structure factors (7 pages). -Ordering information is given on any current masthead page. 
11.
The angle alternation, which escaped notice at the time, was· partially obscured by inconsistent designation of atoms in the lists of distances and angles for the fourth ring, Reference 3.
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